Background: ST segment depression (STD) and T wave inversion (TWI) are typical electrocardiographic (ECG) findings in non-ST elevation myocardial infarction (NSTEMI). In ST elevation myocardial infarction, ST changes represent transmural ischemia. The pathophysiological mechanisms of the ECG changes in NSTEMI are unclear. Purpose: We studied the associations between ECG and the echocardiographic findings in NSTEMI patients. Methods: Twenty patients with acute NSTEMI were recruited during their hospital stay. A comprehensive echocardiography study was performed. The findings were compared with blinded ECG analyses. Results: Nine (45%) patients had STD, and 16 (85%) patients had TWI. In multivariable analysis, STD was independently associated with a lower global early diastolic strain rate (β=-5.061, p=0.033). TWI was independently associated with lower circumferential strain (β=0.132, p=0.032).
Introduction
In ST elevation myocardial infarction (STEMI), acute coronary occlusion causes transmural myocardial ischemia, which is expressed as ST elevations and prominent positive T waves on the electrocardiogram (ECG). The location of the ST elevations on the ECG depends on the ischemic myocardial region [1] . On the other hand, non-ST elevation myocardial infarction (NSTEMI) is a heterogeneous clinical condition with a variable pathophysiological background. ST depression (STD) and T wave inversion (TWI) are the typical ECG changes in NSTEMI patients. STD is most often located in the lateral precordial leads, V4-V6, independent of the coronary anatomy [2] [3] [4] . "Wellens' syndrome" -TWI in precordial leads V1-V3/V4 caused by a lesion in the left anterior descending coronary artery (LAD) -is an example of the association between the location of TWI on the ECG and the culprit artery in acute coronary syndrome [4] .
Echocardiography has a central role in the diagnosis and risk stratification of acute myocardial infarction (MI) patients [5] . Newer techniques, such as tissue Doppler imaging and speckle tracking echocardiography, have emerged as valuable diagnostic and prognostic tools in patients with acute coronary syndrome [6] . Their roles in the clinical evaluation of NSTEMI patients are being explored.
The goal of our study was to evaluate the relationships between ECG changes and concurrent echocardiographic findings in patients with acute NSTEMI. This comparison may shed some light on the mechanisms behind these ECG changes, which in turn potentially could improve risk stratification in acute coronary syndrome patients. We hypothesize that STD and TWI may differ with respect to their association with echocardiographic systolic and diastolic functional parameters.
a history of cardiac disease were recruited after coronary angiography. The exclusion criteria were significant valvular stenosis or regurgitation (grade 2 or higher), prior MI, non-sinus rhythm, the presence of a pacemaker, wide QRS complex (N120 ms), and severe lung disease or other significant pathology, such as severe infection or pericardial effusion. The study protocol was approved by the local ethical committee (R11149) and each patient signed an informed consent form before enrollment in the study.
Cardiac examinations
All patients underwent coronary angiography during their hospital stay and repeated analyses of biomarkers and 12-lead ECG recordings were conducted according to the normal hospital protocol.
A 12-lead ECG was routinely recorded upon arrival to the hospital and repeated at least once during the hospital stay. The ECG closest to the time of the echocardiographic study was used in the analysis. A manual analysis of the ECG was performed with a magnifying lens by two authors (JR and KN) blinded to the clinical and echocardiographic data. The data were analyzed separately for three anatomic territories corresponding to the coronary artery distribution: anterior territory leads V1-V4 (LAD territory), inferior territory leads II, III and aVF (right coronary artery territory, RCA), and lateral territory leads I, aVL and V5-V6 (left circumflex artery territory, LCX), please see Fig. 1 . The cut-off value for STD was ≥ 0.05 mV at the J point. The corresponding value for TWI was ≥0.1 mV. Both STD and TWI had to be present in at least two contiguous leads (Fig. 2) . Pathological Q waves were defined according to current guidelines [7] .
Thorough echocardiography was performed within one (0 to 2) day after coronary angiography. Invasive procedures were performed according to the current national and international guidelines and this was also the case for anti-thrombotic and anti-ischemia medical therapy [8] . All echocardiographic examinations were performed with a commercially available cardiac ultrasound machine (Philips iE33 ultrasound system, Bothell, Washington, USA) and a 1-5 MHz matrixarray X5-1 transducer by the same cardiologist (SST). All imaging was acquired at rest with the patients in the left lateral decubitus position. Doppler recordings were acquired at end-expiration. A simultaneous superimposed ECG was used throughout the studies. The images were stored in an external hard drive for off-line analysis (Philips Qlab, Bothell, Washington, USA). For the wall motion score analysis, the left ventricle was divided into 17 segments [9] . Each segment received a grade as follows: 1 -normal, 2 -hypokinesia, 3 -akinesia and 4 -dyskinesia. The total wall motion score was calculated by adding the score of each segment and the wall motion score index was obtained by dividing the total wall motion score by the number of left ventricular segments.
The analysis to compare the ECG and echocardiographic results was conducted in two ways. First, echocardiographic parameters reflecting global changes were compared with the presence of STD or TWI. Second, the left ventricle was divided into the three segments corresponding to the regions perfused by the LAD, RCA and LCX. The regional results reflecting these segments were compared with corresponding changes in the ECG (Fig. 1 ).
Statistical analysis
Data are reported as means and standard deviations for normally distributed variables and as medians with ranges for other continuous variables. Differences in baseline characteristics between the groups were tested with the independent samples Student's t-test for continuous variables and with Fisher's exact test for categorical variables. Differences between the groups were analyzed with independent 
Results

General characteristics
The patient population had a male predominance (80%) with a mean age of 63 ± 9 years. For other baseline characteristics, please see Table 1 . The patient characteristics showed no significant differences across different ECG findings.
The median duration of angina pectoris prior to hospitalization was 2.5 days (0 to 21 days) and coronary angiography was performed within 1 day (0 to 2 days) of hospital admission. The echocardiographic examination was performed 1 day (0 to 6 days) after angiography. Coronary angiography revealed one-vessel disease in eight (40%) patients, two-vessel disease in seven (35%) patients and three-vessel disease in five (25%) patients. None of the patients had left main coronary artery involvement. Three patients had a total occlusion (one proximal LCX, one mid-RCA and one distal RCA); none of these patients were considered "STEMI equivalent" based on the ECG findings. At the time of echocardiography, 14 (70%) patients were treated with percutaneous coronary artery intervention (PCI) with stenting for their culprit lesion. The remaining patients had received medical treatment and four (20%) patients were scheduled to undergo coronary artery by-pass surgery later on.
Regarding myocardial ischemia after invasive evaluations and therapy, 16 (27%) of 60 segments had been treated successfully with PCI, 21 (35%) segments had normal coronary flow, and 23 (38%) segments were still supplied by coronary arteries with significant stenosis (diameter of stenosis ≥50%). All patients were stable at the time of echocardiography and were either transferred to a local hospital or discharged from our hospital within 4 (1 to 20) days after hospital admission. BMI, body mass index; hsTnt, high-sensitivity troponin T; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.
ECG findings
All patients had sinus rhythm with an average heart rate of 69 ± 16 bpm. No conduction defects were observed. The median QRScomplex width was 93 [83, 104] ms. One patient had a pathological Q wave in the LAD territory without concurrent STD or TWI. Nine (45%) patients had STD and TWI was present in 16 (80%) patients. Three (15%) patients had neither STD nor TWI in their ECGs at the time of echocardiography. At the regional level, STD was observed in 17/60 (28%) of the segments and TWI was observed in 28/60 (47%) of the segments. In 12/60 (12%) segments, both STD and TWI were present and in 27/60 (45%) segments, no abnormal findings were observed in the ST segments or the T waves.
Time delays from hospital arrival or the time from symptom onset to treatment were not different according to the presence or absence of STD or TWI. TWI was more prevalent in segments with ischemia (coronary stenosis) according to coronary angiography (p = 0.058). The positive predictive values (PPV) of TWI and STD for segments with ischemia were 79% and 82%, the negative predictive values (NPV) were 47% and 42%, the sensitivity scores were 56% and 36% and the specificity scores were 71% and 86%, respectively. In the absence of both STD and TWI, the existence of significantly stenosed coronary arteries was significantly less prevalent (p = 0.017). The PPV to predict a non-ischemic segment was 52%, the NPV was 79%, the sensitivity was 41% and the specificity was 67%.
Echocardiographic findings
The echocardiography findings are presented in Table 2 . In general, the left ventricle exhibited normal size without overt systolic or diastolic dysfunction. Half of the patients showed no regional changes in contractility and the rest showed hypokinesia in 1.6 ± 1.3 segments. Table 3 . Globally, IVRT and e′ were independently associated with the presence of STD. Regional changes showed independent associations with e′ and STD. Table 4 . Globally, TWI was independently associated with s′ and hypertension. The regional changes were independently associated with circumferential strain. Patients with TWI had lower circumferential strain (−26.8 ± 4.4% vs −29.7 ± 4.1%, p = 0.013).
Cardiac biomarkers
Cardiac biomarkers were elevated. Upon hospital arrival, the median (Q 1 , Q 3 ) of the high-sensitivity troponin T (hsTnt) was 117 ng/l (43, 196) (normal b15 ng/l) with a maximum value of 189 ng/l (74, 727) during the hospital stay. Pro-B-type natriuretic peptide (ProBNP) was 1003 ng/l (567, 1464), hemoglobin was 140 ng/l (136, 151), total cholesterol was 4.7 mmol/l (4.1, 5.7), LDL was 3.2 mmol/l (2.5, 4.0) and Table 2 Echocardiographic results of the study population.
All patients
Patients with STD Patients with TWI n = 20 n = 9 n = 16 creatinine was 72 μmol/l (62, 83). We found no associations between biomarker values and ECG changes.
Discussion
In NSTEMI patients, TWIs were associated with changes in systolic function and their locations corresponded with the anatomic distribution of myocardial ischemia. On the other hand, the distribution of STD in the 12 ECG leads did not correlate with the locations of wall motion abnormalities in echocardiography. STD was associated with global and regional changes in diastolic function.
Clinical implications of our findings
Tissue Doppler imaging and speckle tracking echocardiography have revolutionized the quantitative evaluation of myocardial function. Our study, which utilized these new echocardiographic techniques, provides some new insight into the possible mechanisms behind STD and TWI on the ECG. It is intriguing that STD was associated with diastolic parameter changes and TWI with systolic parameter changes. In NSTEMI, it is evident that these ECG changes are caused by different mechanisms, at least to some extent. First, STD is a robust prognostic factor in non-ST elevation acute coronary syndrome (NSTEMI and unstable angina combined), but the prognostic significance of TWI is controversial [2, 10] . Both the presence and the magnitude of STD and the number of leads with these changes have prognostic impact [2, 11] . Second, STD is a typical ECG finding during angina pectoris symptoms, while isolated TWI almost never appears during angina pectoris symptoms. Instead, recurrent ischemic symptoms cause "pseudo-normalization" or ST elevations in patients with TWI [12] . Third, TWI, but not STD, tends to be located in the leads that correspond to an ischemic/infarcted region [2, 13] .
There is clearly a large knowledge gap regarding the possible pathophysiologic mechanisms of STD and TWI in patients with NSTEMI. STD is the hallmark of subendocardial ischemia in patients with stable angina pectoris [4] . Subendocardial MI is a known condition in cardiac imaging, but its association with ECG changes in this context has not been studied in detail [4] . The exploration of the pathophysiological mechanisms behind STD is challenging. In animal experiments, the induction of subendocardial ischemia resulted in a significant increase in the enddiastolic pressure of the left ventricle and loss of left ventricular chamber compliance, indicating diastolic dysfunction [14, 15] . The fact that STD in our patients was associated with changes in diastolic function parameters is consistent with the experimental hemodynamic data. The etiology of TWI in NSTEMI is probably multifactorial. TWI in STEMI patients has been associated with improved outcome related to an open infarct-related artery and restored blood flow [16] . However, TWI has also been associated with non-patency of the culprit artery and worse short-term outcome in late-presenting patients [17] . Interestingly, the results of a recent study with a large number of patients showed that 20% of the patients presenting with NSTEMI and single-vessel disease had a totally occluded culprit artery [18] . Additionally, cardiac magnetic resonance imaging (CMR) data have shown that approximately 25% of NSTEMI patient had transmural infarction [19] . Therefore, it can be speculated that MI patients presenting late may have passed the initial stage showing ST elevation and show only "post-ischemic" TWI on the ECG [12] . It is possible that the rapid restoration of normal myocardial function is not achieved in these patients with therapeutic interventions and they may instead develop varying degrees of myocardial edema and stunning [20] . Indeed, in a small study on a sub-type of NSTEMI with TWI -"Wellens' syndrome" -the patients had myocardial edema on cardiac CMR [21] . In addition, repolarization abnormalities on the ECG and myocardial edema had similar time courses. Our study showed an association between TWI and echocardiographic markers of systolic dysfunction on speckle tracking echocardiography analysis. Interestingly, regional echocardiographic changes correlated with the ischemic regions on the ECG.
Tissue Doppler and speckle tracking echocardiography -comparison with previous studies
Data on the clinical roles of the new echocardiographic modalities in coronary artery disease are emerging. Several studies and a recent meta-analysis indicate that speckle tracking echocardiography derived strain is associated with global left ventricular function and has prognostic value in patients with acute STEMI [22, 23] . However, data on NSTEMI patients are limited. We are not aware of any previous study that has investigated ECG and echocardiography parameters utilizing newer imaging methods. Considering the high rate of NSTEMI patients with a totally occluded culprit artery and the limitations of the ECG to identify this subgroup, it is important to identify these individuals with other diagnostic modalities such as echocardiography [18] . Study results in 40 NSTEMI patients with preserved left ventricular function indicated that speckle tracking echocardiography may be a more sensitive discriminator of left ventricular dyssynchrony than tissue Doppler imaging [24] . In another study including 111 patients with suspected NSTEMI who received echocardiography within 1 h (median value; interquartile range 0.5-4 h) of admittance, 61% had a clinical diagnosis of NSTEMI, 16% had a diagnosis of unstable angina, and 23% had non-coronary chest pain [25] . Territorial systolic strain, measured by averaging all segmental peak systolic strain values in each territory in the 16-segment left ventricular model, proved to be the most reliable method to identify acute total occlusion. A territorial circumferential strain value N−10% had 90% sensitivity and 88% specificity for the identification of a totally occluded culprit artery. Symmetrical TWI was present in 33% and 31% of the patients with an occluded and a non-occluded culprit artery, respectively. Our patients had a higher frequency of TWI, but we did not restrict the definition of TWI to symmetrical T waves and in our study, all patients had NSTEMI. In our study, patients with TWI had lower circumferential strain.
Limitations of our study
Our study has clear limitations. The patient population was small. Therefore, all speculations regarding pathophysiological mechanisms should be considered hypothetical, especially since CMR was not part of the protocol. Additionally, the limited number of patients made it impractical to introduce patients with both STD and TWI as a third group in the statistical analyses.
Conclusion
In NSTEMI patients with well-preserved global left ventricular systolic function, subtle changes in myocardial imaging were found. STD was associated with changes in diastolic function, and TWI was associated with systolic deterioration. The findings are consistent with the proposed pathophysiologic mechanisms behind these ECG changes.
Disclosure of interest
The authors state no conflict of interest related to the study. 
